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Abstract. This paper presents optimal parameters selection of particle swarm optimization 
(PSO) algorithm for determining the global maximum power point tracking of photovoltaic array 
under partially shaded conditions. Under partial shading, the power- voltage characteristics have 
a more complex shape with several local peaks and one global peak. The two proposed 
controllers include dynamic Particle Swarm Optimization, and constant particle swarm 
optimization. The developed algorithms are implemented in MATLAB/Simulink platform, and 
their performances are evaluated. The results indicate that the dynamic particle swarm 
optimization algorithm can very fast track the GMPP within 128 ms for different shading 
conditions. In addition, the average tracking efficiency of the proposed algorithm is higher than 
99.89%, which provides good prospects to apply this algorithm in the control search unit for the 
global maximum power point in stations. 
1. Introduction 
These days, the faster rise in electricity demand and the novel change in ecological situations like global 
warming generation by means of traditional sources. These sources such as oil and coal results in 
growing the greenhouse effect and environmental pollution issues in the universe leading to a necessity 
for novel resources of energy which inexpensive, and more sustainable [1]. Generating electricity from 
renewable resources is required to decrease global warming, minimize pollution and substitute for the 
lack of conventional energy sources. Among the resources of renewable energy, the photovoltaic (PV) 
modules which are one of the most distinguished in the world because it has a longer lifespan (Typically 
more than 20 years), and many several advantages [2]. A major challenge in using PV source is to tackle 
its nonlinear power – voltage characteristics [3], which affected by temperature and the solar irradiance 
[4]. Therefore, the maximum power point tracking (MPPT) is essential to increase the energy 
conversions by delivering the maximum power to load from the PV module. Numerous conventional 
algorithms have been carried out on MPPT approaches [5]. For instance, constant voltage [6], Perturb 
and Observe [7], incremental inductance [8], Hill climbing [7], frictional short-circuit current [9], ripple 
correlation control and sliding control [10]. However, these methods give good response under normal 
irradiance of solar panels they failed to track the global maximum power point (GMPP) in case of partial 
shading conditions (PSC) [11]. In actual operating conditions, PV solar cells, especially a large area, 
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often operate under partial shading conditions (PSC) caused by a cloud, a shadow from trees and nearby 
buildings, etc. Under PSC of the solar panel, its P-V characteristic is distorted and get more complicated 
with several local peaks (LPs), which significantly complicates the task of determining the global 
maximum power point (GMPP) of the solar panels [12]. All the conventional methods of searching for 
the MPPT that is used in photovoltaic station controllers do not provide reliable tracking of the GMPP 
of the P-V characteristic, which leads to increased losses and reduces the reliability of the PV power 
plant. Recently, the researchers have worked how to track the GMPP under PSC using soft computing 
techniques. Among them are the fuzzy logic control (FLC), artificial neural networks (ANN), genetic 
algorithm (GA), particle swarm optimizations (PSO) and ant colony optimizations [13]. They test the 
performance of their algorithms under dynamic changes of the solar irradiance of the PV panel [14]. 
Although the very high cost of implementation the ANN and fuzzy logic, they capable of tracking the 
GMPP with lower oscillation in power as compared to P&O algorithm. Many researchers used PSO in 
their model with selecting its three basic parameters (inertia factor w, acceleration coefficients c1 and 
c2) by try and error; this is resulting in a long time tracking and many iterations to reach the MPP [15]. 
Moreover, they tested the performance of the PSO algorithm on resistive load in the absence of the 
charging battery, which already interfaced in the main PV plant. In this paper, the GMPP under partially 
shaded conditions is determined using two types of PSO. The first type is named dynamic PSO (DPSO) 
in which its parameters are varying with the time. The second type is constant PSO (CPSO) in which 
parameters are selected by try and error.  The main contributions of this paper are to select the optimal 
parameters of the PSO, and then test the performance of the two proposed PSO with the charging battery. 
2. Characteristics of PV array under partial shading conditions 
As explained before, in the presence of partial shading, many local peaks appears on the power-voltage 
characteristics of PV array. To mitigate this problem, bypass diode is interfaced in the PV module as 
shown in figure 1 [16]. 
a) b) c)
 
Figure 1. a)   Proposed 3S1P configuration b) Voltage–power and c) current- voltage 
characteristics in case of fully illuminated and partially shaded PV. 
The configuration (3S1P) consists of 3 PV modules, arranged by three modules per string with 
maximum power of 320.01 W. The overall output power of the system is about 961.1Wp. As 
demonstrated in figure 1, several local peaks appear on the characteristic curve of PV array, also the 
output power is increased in case of PSC as compared in its value in uniform irradiance. 
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3. Particle swarm optimization 
Particle swarm optimization (PSO) algorithm- one of the optimization tools based on the behaviour of 
folk of birds and was created by James Kennedy and Russell Eberhart in 1995 [17].  The PSO is based 
on the continuous movement of particles in a possible solution space, while the current state of the 
particle is characterized by two variables: the coordinate xi and the speed of movement k
iv . In this study, 
the duty cycle of the DC-DC buck converter represents the particle of the swarm. Therefore, 
1k k k
i i iD D v
  
                                                                           (1) 
And the velocity of each duty cycle can be calculated by: 
1
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Where с1, с2 are acceleration constants; r1, r2 are random functions in the range [0, 1]. 
 4. Design and implementation of PSO 
To minimize the tracking time of the GMPP of the PV panels, it is necessary to take into account three 
important factors when design the PSO algorithm, and these parameters are the choice of PSO 
parameters, the number of particles, and the sample time. 
 
4.1. Parameters selecting of the PSO algorithm 
One of the significant disadvantages of the classical PSO in solving optima local problems is that it 
trapped in unrequired solution, which leads to the loss of the exploration abilities. The dynamic PSO 
was proposed to overcome the drawbacks in the classical PSO. This type of PSO, in which its parameters 
are varying with the time. The inertia weight w, which determines the gradient of the particle velocity, 
is used to keep the convergence behaviour of PSO. The variation of w can be defined between [0, 1].  
To decrease the scanning time research for the GMPP, a decreasing the value of w with time is preferable 
as demonstrated in figure 2a. The w is gradually changed according the following equation: 
 
max max min
max
( )K
k
W W w w
k
  
                                                           (3)                  
Where   max min,w w - are the maximum and minimum value of the coefficient of inertia; maxk  is the 
maximum number of iterations and K is the value of the current iteration. 
Time(Sec) Time(Sec)
a) b)
 
Figure 2. Variation of the DPSO parameters with the time. 
The acceleration coefficients of the cognitive and social components in the velocity update equation 
are one of the parameters which help the algorithm to satisfy the requirements above in the early and 
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latter stages. The modification of the acceleration coefficients is to improve the global search capability 
of the particles in the early stage of the optimization process. 
1 1max 1,max 1,min
max
( )K
k
c c c c
k
  
                                                            (4) 
 
2 2,max 2,max 2,min
max
( )K
k
c c c c
k
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                                                              (5) 
Where 1
Kc , 2
Kc are the time-varying acceleration coefficients. Choosing 1c  > 2c  would bias sampling 
toward the direction of
iPpbest , while in the opposite case, 1c < 2c , sampling toward the direction of 
gpbest  would be favoured.  
 
4.2. Optimal selection of particle number 
A large number of particles will lead to increase the tracking time. The following table shows the 
detailed comparison between the different numbers of particles. 
Table 1. The performance of the DPSO for different numbers of particle swarm 
 Number of 
particles 
V P(W) Tracking 
time (s.) 
Energy 
loss 
(W.s) 
GMPP  % 
Normal 
irradiance 
N =3 117.36 953.55 0.32 74.29  99.20 
N=4 117.36 953.55 0.45 72.99  99.20 
N=6 117.26 953.43 0.46 99.18 961.11 99.19 
N=8 95.98 811.53 0.48 109.3  84.43 
Partial 
shading 
condition 
N =3 81.82 410.72 0.22 45.00  85.45 
N=4 126.72 487.71 0.33 39.88  99.52 
N=6 126.73 487.52 0.62 68.66 488.01 99.52 
N=8 126.75 487.61 0.94 95.11  99.49 
5. Simulation Results 
Figure 3 shows the Matlab/ Simulink model of the proposed model for 3S1P configuration. The DC-DC 
buck converter is selected in the current work to match the MPP controller with the charging battery. 
The selected parameters of the converter are L= 120 µH; C1=25 µF and switching frequency f=25 kHz. 
The tracking efficiency of the controller can be calculated from Eq. 6. 
                                                                          
0
max
100,   %
P
P
  
                                                   (6)                                                                         
Where Р0 is the output power of the PV panel, that tracked by the algorithm; Рmax - the value of the 
maximum real power. The performance of the two algorithms has been tested under a temperature of 
T=25°C and different solar irradiance. 
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Figure 3. MATLAB simulation of the proposed model for 3S1P configuration. 
Time (Sec) Time (Sec)  
Figure 4. Detailed simulation results for PV system under the uniform irradiance for DPSO and 
CPSO. 
Time(Sec) Time(Sec)  
Figure 5. Detailed simulation results for PV system under the PSC for DPSO and CPSO. 
6. Conclusion 
In this study, the performances of the DPSO and the CPSO algorithms are proposed for the PV system 
under partial shading conditions. The optimal parameters are selected for the DPSO and also the optimal 
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number of particles. From the simulation results, it was found that the DPSO provides reliable and 
efficient tracking of the global maximum power point of solar panels under partial shading. For all test 
cases, the tracking efficiency of the DPSO is higher than 99.9% within 128 ms. 
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